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LAUDA TecInfo Constant Temperature Equipment No. 9 
 

Accurate Temperature Control When Determining Vapour Pressure Curves 
 

The vapour pressure of liquids plays a significant role in technology. Technical processes and process components can 
be improved using vapour pressure data. The more accurately the vapour pressure can be determined, the better it is 
possible to optimise processes and gain a deeper physical understanding of the procedures. In the faculty of applied 
chemistry at the Georg-Simon-Ohm University in Nuremberg, a measuring set-up has been developed, which allows 
dynamic measurement of the vapour pressures of various liquids. For accurate readings, precise temperature control 
during measuring is decisive. 
 

Significance of the Vapour Pressure 
If a liquid is in a closed system, an equilibrium between 
the gas phase and the liquid occurs. In this equilibrium, 
the number of particles moving from the liquid phase 
into the gas phase is equal to the number entering the 
liquid phase. The partial pressure exercised over a 
liquid, on the wall of a container, by the gas phase 
denoted as vapour, is called the vapour pressure. This 
is dependent on temperature and it increases as the 
temperature increases. The correlation between 
temperature and vapour pressure is shown by the 
vapour pressure curve. The physical effects caused by 
this play an important role in technology, safety 
technology and environmental protection. Using the 
vapour pressure, it is possible to evaluate the emission 
of a substance into the environment, for example. The 
greater the vapour pressure, the greater its volatility and 
thus the potential hazard to humans and the 
environment. 

Realisation of the Dynamic Measuring Process 
Staff at the faculty of applied chemistry at the Georg-
Simon-Ohm University in Nuremberg have developed a 
special measuring process [1]. The distinguishing 
feature of this process is in the dynamic method of 
determining the vapour pressures. At a constant rate of 
heating, the temperature is increased sufficiently slowly 
that at no time does the substance leave the 
thermodynamic equilibrium in the measuring cell. 
Measuring is carried out continuously and not only after 
a prescribed constant temperature is reached. This 
measuring method allows the precise identification of 
the vapour pressures of low and high viscosity liquids, 
such as long-chain alkanes, oils, and lubricating oils. 
The temperature ranges between -35 and 150 °C and 
the pressure varies between 1 and 1000 mbar. The 
pressure range is to be determined to an accuracy of 
±0.5 % of the measured value, with a resolution of 0.1 
mbar. 
At the start of the trial, the measuring cell is evacuated 
down to a pressure of 10-6 mbar then filled with a 
sample that has been degassed in the ultrasonic bath. 
Next, the measuring cell is sunk directly into the 
thermostat tempering bath and a linear temperature 
increase is effected with a temperature gradient of 0.1 K 
per minute. The time period for one measurement is 

between 8 and 24 hours. A data logger records the 
temperatures in the measuring cell and in the bath as 
well as the vapour pressure (fig. 1 and 2). 
Using this experiment procedure, a vapour pressure 
curve can be determined with a maximum temperature 
interval of -35 °C to 150 °C and the pairs of measured 
values (temperature, pressure) can be recorded within 
approx. 30 h at freely selectable time intervals. Vapour 
pressure curves can thus be recorded with a very high 
data density. The leakage rate from the “equilibrium 
cell” is very low. It is defined as the product of pressure 
increase in the recipient at a certain time and of the 
volume of the recipient. This condition allows series of 
measurements even over time periods of more than 30 
hours. 
 

 
Fig. 1: Schematic Structure of the Measuring Set-Up. 
V1: 2-Stage Rotary Slide Vane Vacuum Pump; V2: 
Turbomolecular Pump TPH 055; B1: Equilibrium Cell 
with Leaf Agitator; B2: Cooling Thermostat; H1: Shut-
Off Valve; M I: Agitator; M II: Agitator. 
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Fig. 2: Measuring Set-Up for Dynamically Determining 
Vapour Pressures. The measuring cell is located in the 
thermostat tempering bath. Other components are: 
pressure transducer, agitators, vacuum pump stand 
with rotary slide, and turbo pump. 
 
The presented test set-up allows simple and precise 
determining of vapour pressure curves such as that of 
ethanol (red line in fig. 3). For comparison, fig. 3 shows 
the theoretical vapour pressure curve (in blue) 
calculated using ChemCAD data. Both curves 
demonstrate a very high level of correlation. The curves 
have been laid on with a pressure axis from which a 
logarithm has been taken, in order to demonstrate the 
accuracy of the measurement even at low 
temperatures. A thermostat temperature stability of at 
least +/- 0.1 K is required in order to obtain vapour 
pressures in thermodynamic equilibrium status. 
 

 
Fig. 3: Vapour Pressure Curve of Ethanol. Combined 
representation of the measured values (red line) and 
the calculated values including error bars of +/- 3% 
(blue line). The theoretical values of ethanol are 
provided by substance data from the Handbook of 
Chemistry and Physics [2]. 
 

Precise Thermostat as the Centrepiece of the 
Measuring System 
Accurate temperature regulation is a fundamental 
requirement for reliable measured values. To control 
the temperature of the measuring cell, the university 
uses a LAUDA Proline RP 1845 C cooling thermostat 
(fig. 4). In addition to efficient control and its robust 
structure, this thermostat offers other advantages that 
are particularly suited to the intended application. 

    
 
Fig. 4: Cooling Thermostat LAUDA Proline RP 1845 C 
(Left) with Removable Command Control Console 
(Right) 
 
The application requires the setting of various 
temperature-time profiles. On the Proline equipment 
range, this can be achieved using a programmer. With 
the programmer, almost any desired temperature-time 
profile can be set. A desired bath temperature can be 
produced as quickly as possible or at a defined rate. 
Five temperature-time programmes are available for 
free programming. On the Command version of the 
thermostat (as in this application), entry is carried out 
using the removable control console. Menu navigation 
on the graphic LCD screen facilitates easy and quick 
setting changes and programming. 
The complex measuring set-up requires the 
arrangement of a large number of components in a 
small space. This often makes it difficult to operate the 
integrated and sometimes less accessible equipment. 
The Command version of the Proline equipment range 
has the advantage that the control unit is removable 
and can be used as a remote control (up to a distance 
of 50 metres). 
An additional advantage of the thermostat is the 
generous size of the bath, which offers plenty of space 
for internal applications directly in the tempering bath. 
The dimensions of the bath opening are 300 x 200 mm, 
with a useful bath depth of 180 mm. The efficient 
cooling and good insulation of the bath mean that the 
required temperatures down to -40 °C can be realised 
even with the bath open. 
Operation of up to 24 hours requires measurements to 
continue even overnight. In order to guarantee reliable 
operation, safety equipment is a basic requirement for 
the event of any incidents. With the SelfCheck 
assistant, the Proline thermostat offers a suitable 
feature to guarantee safety in unattended operation. 
The system monitors over 50 equipment parameters, 
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triggering alarms and warnings if necessary and – 
depending on the setting – switches off the equipment 
e.g. in the case of overload or blockage of the pump. In 
the case of a liquid level that is too low or too high (e.g. 
as a result of volume expansion due to temperature) 
and if an adjustable maximum temperature is 
exceeded, the safety risk is minimised by the equipment 
switching off. 
The thermostat is also equipped for future tasks. At 
present, the temperature is measured in the 
temperature bath and this controls the tempering. 
However, it is intended for the tempering to be 
optimised by the use of the temperature in the cell as a 
controlled variable, in order to achieve even more 
accurate measured values. To do this, an external 
temperature probe can be connected to the thermostat 
and used as a controlled variable for the bath 
temperature. 

Theoretical Calculation of Vapour Pressures 
In order to predict vapour pressures, these can be 
calculated in addition to the experimental data. Therefor 
the commercial process simulator ChemCAD [3] is 
used. The process simulator is controlled using VBA 
(Visual Basic for Applications). With the VBA 
programme that has been developed, it is now possible 
to calculate the vapour pressures of any desired 
compounds [4]. ChemCAD has an extensive database, 
in which numerous substance parameters (e.g. melting 
and boiling points, critical data, Antoine parameters, 
binary interaction parameters etc) are stored. Using 
these data, it is possible to verify the vapour pressure 
measurement results for pure substances and to 
optimise the apparatus. Substances with a high/low 
boiling point are used as pure substances. 
Measurements are also taken on systems for which the 
required interaction parameters are not saved in the 
ChemCAD database – in the present case, these are 
the interaction parameters of the so-called NRTL 
equation (Non-Random Two-Liquid equation [5]). With 
the measured data, however, these interaction 
parameters can be adjusted. Nonetheless, this 
adjustment is made only for binary compounds, as one 
large advantage of the NRTL equation used is that only 
such binary data are required. For a complex system, 
therefore, only the respective binary interaction 
parameters are needed – irrespective of the other 
substances in the compound. Using this property of the 
NRTL equation, it is possible to construct large 
databases of interaction parameters. Fundamentally, it 
is also possible to calculate the parameters for 
substances that are not in the database, although 
parameters adjusted with experimental data produce 
more accurate simulation results. 
The great advantage of the calculations is in the very 
rapid provision of results. Whereas a measurement 
takes at least a day, a vapour pressure curve can be 
calculated in approx. 30 seconds. Thus, it is possible to 
take into account the effects of various compound 
compositions on the vapour pressure. Moreover, it is 
also possible to calculate the vapour pressures in 
temperature ranges that are no longer accessible by 
experimentation. 

In order to guarantee simple operation and to evaluate 
and graphically review the data, an Excel user interface 
has been programmed (fig. 5). 
 

 
Fig. 5: Screenshot of the Excel User Interface for the 
Calculation of Vapour Pressures 

Conclusion 
Accurately determined vapour pressure curves provide 
an aid to understanding technical processes better and 
to their optimisation. The measuring process developed 
at Georg-Simon-Ohm University facilitates the dynamic 
determining of vapour pressures of various liquids. In 
order to gain accurate experimental data, precise 
temperature control is of great importance. This is 
achieved with a high-precision thermostat. 
Based on the experimental data obtained, interaction 
parameters of binary compounds can be optimised in 
the ChemCAD process simulator. Synergy effects can 
be achieved by combining the experimentally 
determined vapour pressures of binary compounds and 
subsequently calculating the vapour pressure of multi-
substance compounds. Using the process simulator, 
vapour pressures of compounds with any desired 
number of individual components and variable 
compositions can be calculated within a very short time. 
Thus, the calculated vapour pressure data complement 
those gained from the experiment and facilitate the 
formulation of more reliable statements and projections. 
However, the options of the process simulator can also 
be extended as desired by the expansion of the internal 
process simulator database with substance 
compounds, using the precisely determined vapour 
pressure data. 
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